Introduction: While biomedical innovations have made it possible to prevent the vertical transmission of HIV from mother to child, poor retention along the prevention of mother-to-child transmission (PMTCT) cascade continues to limit the impact of programmes, especially in low-resourced settings. In many of the regions with the highest burden of HIV and the greatest number of new paediatric cases, the uptake of facility-based care by pregnant women remains low. In such settings, the continuum of care for pregnant women and other women of reproductive age necessarily relies on the community. There is no recent review capturing effective, promising practices that are community-based and/or employ community-oriented groups to improve outcomes for the prevention of vertical transmission. This review summarizes those studies demonstrating that community-based and community-oriented interventions significantly influence retention and related outcomes along the PMTCT cascade. Methods: Literature on retention within prevention of vertical transmission programmes available on PubMed, Psych Info and MEDLINE was searched and manuscripts reporting on key prevention of vertical transmission outcomes were identified. Short-listed studies that captured significant PMTCT outcome improvements resulting from community-based interventions or facility-based employment of community cohorts (e.g. lay counsellors, community volunteers, etc.) were selected for review. Results: The initial search (using terms ''HIV'' and ''PMTCT'') yielded 430 articles. These results were further narrowed using terminology relevant to community prevention of vertical transmission strategies addressing retention: ''community,'' ''PMTCT cascade,'' ''retention,'' ''loss to follow up'' and ''early infant diagnosis.'' Nine of these reported statistically significant improvements in key prevention of vertical transmission outcomes while meeting other review criteria. Short-listed articles reflect diverse study designs and a variety of effective interventions. Two interventions occurred exclusively in the community and four effectively employed community groups within facilities. The remaining three integrated community-and facility-based components. The outcomes of the included studies focus on knowledge (n 03) and retention along the PMTCT cascade (n06). Conclusions: This review captures an array of promising community-based and community-oriented interventions that demonstratively improve key prevention of vertical transmission outcomes. Though the strategies captured here show that such interventions work, the limited number of rigorous studies identified make it clear that expansion of community approaches and complementary reporting and related research are sorely needed.
Introduction
While biomedical innovations and proven public health strategies have made it possible to almost completely prevent the vertical transmission of HIV from a mother to her child, approximately 2.5 million children under 15 are currently living with HIV, and about 1000 children newly acquire the virus on a daily basis [1, 2] .The transmission of the virus from HIV-positive women to their babies can occur during pregnancy, at the time of delivery or through breastfeeding. Without intervention, vertical transmission occurs in up to 4 of every 10 deliveries among HIV-positive women [1] . Without treatment, approximately half of the children who have acquired HIV die before two years of age, and very few survive their school years [1] .
Preventing HIV amongst infants and young children involves a four pronged approach: primary prevention of HIV among women of reproductive age using health service delivery points and community structures; providing support and counselling to women living with HIV to empower them to make informed decisions about their reproductive life; ensuring that pregnant women living with HIV are tested and have access to treatment that will promote their health and prevent vertical transmission of HIV to their babies; and integrating HIV care, treatment and support for women living with HIV and their families [3] . The effectiveness of prevention of mother-to-child transmission (PMTCT) in low-resource settings is limited by poor retention along the continuum of care, often called the ''PMTCT cascade'' ( Figure 1 ) [4] . This cascade refers to a stepwise process that a pregnant woman must navigate to prevent vertical transmission and ensure that, if her infant acquires HIV, the child receives appropriate HIV care and treatment. While antenatal care (ANC) serves as an entry point to identify HIV-positive pregnant women, dropout rates during the subsequent steps of the cascade can result in a failure to get needed treatment to mothers and prevent their infants from acquiring HIV [5] .
Cumulative losses in sub-Saharan Africa's prevention of vertical transmission programmes are very high. Many mothers deliver without ever attending ANC or having the opportunity for HIV testing. Up to 28% who enroll in ANC are lost prior to delivery, while 8 of every 10 are lost at six months postpartum [6Á11] . This loss to follow-up (LTFU) occurs at many steps along the cascade, including when pregnant women do not return for test results between ANC and delivery; when pregnant women return for results and test positive but do not begin prophylaxis to prevent vertical transmission; and when the infant is not brought in for diagnosis and care postdelivery [12, 13] . When postnatal care is sought, it is often only after infants living with HIV become severely ill. Appropriate access of healthcare is often limited by inadequate understanding of key elements of HIV and prevention of vertical transmission among expectant mothers as well as insufficient sensitization of health caregivers or providers of all levels.
In sub-Saharan Africa, where only 40% of pregnant women deliver in facilities and only 53% of women living with HIV receive any facility-based prevention of vertical transmission services [14, 15] , the continuum of care for pregnant women and other women of reproductive age necessarily relies on the community. Several factors influencing a woman's ability to successfully navigate the PMTCT cascade (i.e. social support, stigma, disclosure of status, partner support, etc.) cannot be adequately addressed by clinicians in healthcare settings alone and are arguably better addressed by personnel well-positioned to intervene at a community level [5, 16] . In addition, transport between community and facility often imposes an immense and unaffordable expense (of both time and money) on pregnant mothers and other caregivers, making it difficult for mothers to continue using facility-based prevention of vertical transmission services. Access to healthcare services is further compounded by stigma, which makes it especially difficult for women to seek and receive the care they need for themselves and their babies. Often women face the added burden of travelling to areas where they will not be recognized so that they may anonymously use prevention of vertical transmission services.
Because many programmes that aim to prevent vertical transmission have historically relied on facilities, related interventions still primarily target facility-based care and focus on professional, medical staff such as doctors, nurses and clinical officers. As a result, the vast majority of published manuscripts reporting on successful prevention interventions describe facility-based interventions. There is no recent review capturing those effective, promising practices that are community-based or employ community-oriented groups to improve prevention of vertical transmission outcomes. This review identifies and summarizes those studies that report on effective interventions occurring in communities and/or employing community groups, with a particular focus on those achieving statistically significant improvements in retention and related outcomes along the PMTCT cascade.
Methods
Literature on strategies to improve retention of and services to mothers and babies within prevention of vertical transmission programmes available on PubMed, Psych Info and MEDLINE, dated between January 1990 and July 2011, were searched. McLeroy et al.'s typographies for the term ''community-based'' were used to set the inclusion criteria [17] . Interventions occurring in the community and demonstrating significant results were included. Given the limited number of published studies that captured significant prevention of vertical transmission outcome improvements but did not include facility-based components, interventions located in a facility that effectively engaged cohorts of lay community members (e.g. lay counsellors, community volunteers, etc.) as agents of change were also included. Studies within this latter category are referred to as ''community-oriented'' as opposed to ''community-based.'' All study designs except for review articles were eligible for inclusion. The review excluded manuscripts if they described prevention of vertical transmission interventions that were housed in a facility and did not employ a community cohort (e.g. lay counsellors, community volunteers). Though many screened articles discussed community-based and community-oriented prevention of vertical transmission activities and reported on related outcomes, studies without statistically significant findings were also excluded.
Studies were initially identified using the search terms ''PMTCT'' and ''HIV.'' These studies were narrowed using the following terminology relevant to community PMTCT strategies addressing retention: ''community,'' ''PMTCT cascade,'' ''retention,'' ''loss to follow up'' and ''early infant diagnosis.'' The studies identified by these specific terms were shortlisted and subsequently narrowed by two independent reviewers using the above criteria in order to minimize article selection bias. To help ensure the comprehensiveness of the final lists, bibliographies of the short-listed manuscripts were screened for additional, qualifying studies.
Results
The initial search (using terms HIV and PMTCT) yielded 430 articles. Using the above criteria, 27 articles were isolated from this group (Figure 2) . Nine of the twenty-seven studies reported statistically significant improvements in PMTCT outcomes, with two occurring exclusively in the community and four effectively employing community groups within facilities. Of the nine studies, three had both community and facility components. Table 1 provides a summary of these nine studies meeting the above criteria, including study design, statistical significance of findings and study limitations. The remaining 18 of the 27 included applicable community-level data and/or made specific, communityfocussed recommendations, but did not report statistically significant results.
Of the nine articles meeting the criteria for this review, three focus on the outcome of knowledge on HIV and prevention of vertical transmission specifically [18Á20]. These studies focus on ''peer mentors'' (as defined by the Mothers2Mothers (M2M) programme) [18] , peer educators ANC, antenatal care; ART, antiretroviral therapy; CBI, cognitive behavioural intervention; KAP, knowledge attitude practice; LTFU, loss to follow-up; NVP, nevirapine; M2M, mothers2mothers; MTCT Plus, mother-to-child-transmission plus initiative; PMTCT, prevention of mother-to-child transmission of HIV; sdNVP, single dose nevirapine; TBAs, traditional birth attendants.
[19] and traditional birth attendants (TBAs) [20] . The intervention in these studies focuses on the dissemination of information about prevention of vertical transmission and demonstrates an improvement in mothers' knowledge of HIV [18] , increased awareness of transmission risks, increased condom use at each sexual intercourse [19] and a greater appreciation for the importance of HIV testing [20] . The first of the three studies with knowledge-related outcomes was conducted by the Mamekhaya project in South Africa and provided cognitive behaviour interventions along with support to mothers living with HIV using the M2M model [18] . The pilot evaluation by Futterman et al. compared two clinics, one where the Mamekhaya intervention was applied and one where existing prevention of vertical transmission services were offered. M2M mentors were trained in support and cognitive behaviour interventions and conducted sessions with mothers living with HIV, with a curriculum including supportive mentorship, coping with stigma, avoiding negative emotions, infant feeding practices, partner disclosure, safe sex practices, family planning and pre-and postdelivery care for their infants. The pilot study revealed that the involvement of mentor mothers in education and support for HIV-positive women was associated with a higher HIV knowledge score six months postdelivery, with the intervention group scoring 3.3 points higher than the control group on a 14-point scale (p B0.001).
The second study reflected a key component of Zimbabwe's national initiative for prevention of vertical transmission, which incorporates education, advocacy and community mobilization campaigns. Orne-Gliemann et al. reported on a two-phase PMTCT advocacy and community mobilization programme in Buhera district [19] , where the strategy included recruiting influential community members to sensitize others about prevention of vertical transmission followed by community mobilization by peer educators in discussion with community stakeholders. Surveys were given to women attending 10 health centres in the south Buhera district at baseline in 2002 and then again two years later. Results showed that women's awareness of the risk of vertical transmission from breastfeeding increased from 28.9% in 2002 to 55.3% in 2004 (OR, 4.1; CI, 2.9 to 5.9; p 00.001), while women's awareness that vertical transmission is preventable increased from 48.0% in 2002 to 82.8% in 2004 (OR, 4.9; CI, 3.3 to 7.3; p00.001).
The third study that included knowledge as an outcome is a cross-sectional survey that demonstrated the relationship of prevention of vertical transmission knowledge and practice amongst TBAs in Nigeria [20] . Balogun and Odeyemi reported that, when 108 TBAs in Lagos were interviewed using a pretested questionnaire, TBA's prevention of vertical transmission knowledge levels, though low overall, correlated strongly with appropriate counselling and prevention of vertical transmission referrals, with 100% of those with ''good'' prevention of vertical transmission knowledge referring pregnant women to health facilities for HIV testing compared to 65.1% with ''poor'' knowledge. Using a Fisher exact test, the authors report a positive correlation between TBA knowledge levels and practice (p00.042 and p 00.005 for counselling and referral, respectively).
The remaining six studies captured by this review reported on outcomes related to various steps along the PMTCT cascade (see Figure 1 ). In one cross-sectional study by Teasdale and Besser, the involvement of mentor mothers in the M2M programme in South Africa was associated with improved maternal uptake of treatment and higher rates of prophylaxis for infants. Specifically, facilities employing mothers from surrounding communities to provide education and support for HIV-positive pregnant women achieved significantly improved rates of maternal (93% vs. 83%; p B0.01) and infant (88% vs. 78%; p B0.05) nevirapine coverage compared to non-supported sites [13] .
In another, Zambia-based study by Torpey et al., community engagement and sensitization by healthcare workers, lay counsellors and religious leaders focussed on partner involvement in the prevention of vertical transmission, with community leaders using community forums to specifically encourage males to attend ANC. The package of facility-and community-based interventions, of which male involvement and community mobilization was a significant component, resulted in a doubling of pregnant women being testing for HIV and receiving results (45% up to 90%; p B0.01). The intervention also led to a higher proportion of women completing ARV prophylaxis (29% at baseline up to 66% at one year; pB0.01) [21] .
The next article focussed on other key community members Á the partners of pregnant women. This Kenyabased study by Faraquhar et al. demonstrated a significant increase in prophylaxis to prevent vertical transmission as a result of partner engagement in either individual or couples counselling. A reported 2836 women enrolled in the study with 2231 returning to the clinic for a second study visit. Eighty-nine percent of this group of women reported inviting their partner to return with them for voluntary counselling and testing; 308 of these women's partners accompanied them to the clinic at their next counselling session and were also tested. Eighty-three percent of women whose partners attended couples counselling returned to access nevirapine, compared to 71% whose partners came for individual counselling and 56% of women whose partners did not come for voluntary counselling and testing (p00.02) [22] . Eighty-eight percent of women whose partners attended couples counselling reported continuing their use of maternal nevirapine compared to 67% whose partners counselled individually and 45% whose partners did not participate in voluntary counselling and testing (p00.006). Women whose partners came to clinic for testing and counselling also reported administering infant dose of nevirapine with higher frequency (OR, 3.4; 95% CI, 1.3 to 9; p00.009) [22] .
Kurewa et al. [6] reported on a five-year study in Zimbabwe that set up support groups in addition to employing trained counsellors from the same communities as the mothers receiving services. Mothers who missed appointments for prevention of vertical transmission received supportive visits from these counsellors at their homes, leading to LTFU rates of 7.3% among mothers living with HIV in the programme, compared to 13.4% among HIV negative mothers (p 00.012) [13] . The authors emphasize the significance of addressing a mother's needs through complete follow-up and care regardless of mother's HIV status. They attribute higher retention rates and higher rates of nevirapine uptake (in comparison to other studies) to the additional health education provided and the prolonged observation and follow-up of clients [23] .
Chandisarewa et al. reported on a study in Zimbabwe that captured a significant effect of opt-out testing in a site supported by routine lay counsellor-led pretest counselling. In the study, ''PMTCT counsellors'' held 15-minute group education sessions with nearly 9500 pregnant women over a 12-month period, using a structured flip chart to guide discussion. The session focussed on HIV transmission, PMTCT prophylaxis and the importance of routine HIV testing for all pregnant women. In the context of such support, the shift from opt-in to opt-out testing at the clinic led to a substantial increase in the number of women tested (pB0.001), the number of women receiving test results (pB0.001), the number of women living with HIV identified in ANC (pB0.001) and the number of mother-infant pairs reporting for six-week postpartum follow-up (p B0.001) [24] .
In a South African study reported by Bekker et al., the use of community-based counsellors and support groups was positively associated with initiation of women on treatment as well as a decrease in LTFU [25] . The number of women living with HIV who initiated antiretroviral therapy (ART) rose from 114 to 479 over the course of three years (p00.002), capturing a strongly significant uptake in treatment services among women in a treatment programme with a dedicated community component. During the implementation of the programme, community-based ''therapeutic counsellors'' living in or near the selected community reinforced the continued use of services and addressed psychosocial issues, while holding treatment-readiness group information sessions twice weekly in a local community setting. The number of pregnancies occurring amongst the participants during the study period was not reported. However the cohort, largely composed of women of reproductive age, elegantly captured the impact of increasing counseling support on women's uptake of treatment services. In addition to increased uptake of services by women in particular, the second and third years of the study captured a higher median CD4 count (pB0.001), a lower mean viral load (pB0.001) and a lower proportion of AIDS diagnoses (pB0.001) among those on treatment.
As noted in the Methods section, in addition to the nine articles documenting statistically significant improvements in important prevention of vertical transmission-related outcomes, this review identified several papers without statistically significant outcomes that describe a variety of prevention of vertical transmission interventions involving community-level groups of caregivers and/or support units. These articles, which are not discussed in detail here, reported several community-level challenges (e.g. barriers to partner engagement [26, 27] , attitudes towards community care providers, stigma [4, 16, 28] ) and included a variety of community units (e.g. community health workers [29] , peer counsellors [30] , volunteers [31Á33], TBAs [34] , traditional chiefs and religious leaders [35] and social workers [36] ). Though these articles capture a broad spectrum of community agents and outcomes, the findings do not meet statistical significance.
Discussion
In many of the regions with the highest burden of HIV and the greatest number of new vertical transmissions, the uptake of facility-based care by pregnant women remains low, as does retention in such care. In these same areas, many of which have facility-based PMTCT uptake of well under 50% of women living with HIV, community engagement is also limited [14] . Programmes that do not extend beyond facilities and fail to engage lay staff will not be able to achieve the level of prevention of vertical transmission coverage required to approach zero new transmissions of HIV to children [14, 15] . In addition, the women most at risk of acquiring HIV and most in need of treatment may be the least able to access services.
Community-based solutions are essential to ensuring women and their children have access to the full cascade of prevention of vertical transmission interventions. As literature on community-based prevention of vertical transmission strategies is limited, this review also includes what we call ''community-oriented'' prevention of vertical transmission strategies, where community-level units well-positioned to improve prevention of vertical transmission outcomes conduct activities that are housed in facilities. By including both of these categories of interventions, this review summarizes the limited, collective literature describing which community-based and community-oriented efforts have demonstrated statistically significant improvements in prevention of vertical transmission outcomes such as the retention of HIV positive pregnant women and their infants in care; HIV positive pregnant women continuing their treatment; mothers giving their HIV exposed infants prophylaxis and, ultimately, survival of both mother and child. Though this collective literature is unfortunately scarce, as summarized in the Results section above and in Table 1 , activities captured here improve knowledge of prevention of vertical transmission, increase uptake of testing and prevention services and promote better rates of disclosure and retention.
The community groups involved in the achievement of these outcomes are diverse and include community health workers, peer counsellors, volunteers, TBAs, mentor mothers, traditional chiefs and religious leaders. However, unlike more specialized healthcare providers, these personnel are often readily available where the need is greatest and can be efficiently and effectively trained and recruited to implement prevention of vertical transmission interventions. Importantly, as studies included in the review show, these community groups can effectively engage mother-infant pairs and partners both at facilities and within the community at large. In fact, many of the study outcomes summarized in this review were achieved by integrating both communitybased and facility-based community-oriented strategies [13, 18, 21, 37] .
Though this summary represents a careful search for published community-based and community-oriented prevention of vertical transmission strategies with significant improvements in outcomes, there are limitations to this review. One such limitation relates to the continuing evolution of strategies to prevent vertical transmission. Most notably, where a number of the included studies discussed single-dose nevirapine coverage as an outcome, it is now recognized that such prophylaxis is far inferior to multidrug prophylaxis, especially highly active ART. It is possible that the uptake of multidrug regimens and the implementation of other more progressive components of the latest international normative guidance on prevention of vertical transmission are more difficult to achieve than the outcomes captured in studies included here. Secondly, given the small evidence base supporting community-based and community-oriented prevention of vertical transmission strategies and our omission of a broad spectrum of more descriptive articles, the groups, outcomes and study methodologies among the articles included are admittedly varied. In short, the depth and breadth of this review is clearly limited by the shortage of robust literature on this topic. However, this is also one of the review's more important take-home messages.
Conclusions
The studies included here cover several proven, communitybased and community-oriented strategies that improve retention along the PMTCT cascade and other key prevention of vertical transmission-related outcomes. These strategies make it clear that community interventions can and do work. However, this review clearly demonstrates that communitylevel activities as well as those conducted by communityoriented health caregivers reaching out from facilities continue to receive less attention than interventions by professional providers based in healthcare facilities. As a result, key community-level and community-oriented strategies for optimal prevention of vertical transmission uptake and retention remain inadequately discussed and understood, resulting in lost opportunities to protect mothers and babies from acquiring HIV. Rigorous measurement and evaluation of ongoing interventions with community components are essential, as is the subsequent sharing of promising practices through peer-reviewed literature. Such rigor will do much to ensure that community-based prevention of vertical transmission interventions live up to their promise in the years ahead.
